outcome. Using the NIS and KID data sets, we set out to evaluate on a national level the effects of both weekend admission and time to shunting on outcomes in pediatric patients who have undergone ventricular shunt placement.
methods databases
The KID and NIS are two of the largest pediatric and general inpatient discharge databases in the United States and contain information on millions of discharges per year. The KID and NIS data sets are collected from more than 2500 hospitals and 1000 hospitals, respectively, and provide national estimates of all US hospital discharges. These databases are provided and managed by the Agency for Healthcare Research and Quality's Healthcare Cost and Utilization Project (HCUP; http://www.ahrq. gov/research/data/hcup/). The KID is compiled once every 3 years, and we therefore supplemented the missing years with NIS data when KID data were not available. Nonoverlapping years of the KID (2000, 2003, 2006, and 2009 ) and NIS (2001-2002, 2004-2005, 2007-2008 , and 2010) were used for this study. Because both databases are compiled though the HCUP, the variables and methodologies of data collection are equivalent, so the databases can be combined in a straightforward fashion. Previous studies have combined these databases in a similar manner, and our methods were adapted from these studies. 1, 8, 15, 22 
study cohort
All patients aged 20 years or younger were selected according to the ICD-9-CM diagnosis codes for hydrocephalus (ICD-9-CM 331.3, 331.4, 741.0, 742.3) and procedure codes for ventriculoatrial shunt (ICD-9-CM 02.32), ventriculopleural shunt (ICD-9-CM 02.33), ventriculoperitoneal shunt (ICD-9-CM 02.34), or replacement of a ventricular shunt (ICD-9-CM 02.42). A separate analysis was performed on a cohort of patients who underwent surgery only for revision or replacement of a ventricular shunt (ICD-9-CM 02.42). Procedure and diagnosis codes were validated and successfully used in previous studies that evaluated NIS-documented patients with hydrocephalus. 24 Patient factors considered in our demographic and multivariate analyses included race (white, black, Hispanic, Asian/Pacific Islander, Native American, or other), payer status (Medicare, Medicaid, private insurance, self-pay, no charge, or other), sex (male or female), and age (< 1, 1-4, 5-9, 10-17, or > 18 years old). Age was categorized in a manner similar to that of previous studies, with the 18-to 20-year-old category including patients not universally included among pediatric cohorts but included in the KID cohort. 24 Hospital factors included hospital type (general hospital, children's unit in general hospital, or children's hospital), bed size (small [< 200 beds], medium [200-400 beds], or large [> 400 beds]), region (Northeast, Midwest, South, or West), teaching status (nonteaching or teaching), location (rural or urban), and annual procedure volume. Institutional shunt procedure volume was categorized as high (> 32 procedures/year, corresponding to > 90th percentile) or low (< 32 procedures/year). Note that a separate analysis was performed with treatment volume as a continuous variable. Hospital type was assigned based on criteria from the National Association of Children's Hospitals and Related Institutions (NACHRI) and categorized as "not children's hospital by NACHRI," "children's unit in general hospital," or "children's general/specialty hospital." Because the NIS does not contain information regarding the children's hospital type in its database, this data point was extrapolated from KID hospitals that appear in the NIS database, and we used the hospital identification numbers found in the KID linked with their children's hospital status.
Admission severity factors were adjusted for by taking into account the patients' admission type, admission source, and presence of a complex chronic condition (CCC). Admission type was categorized as emergency, urgent, elective, newborn, trauma, or other. Admission source was categorized as emergency department, another hospital, other health facility, or routine admission (newborn or elective). Patient comorbidity status was identified by using the CCC indicators described and validated in the pediatric literature in past studies. CCCs have specific ICD-9-CM codes that were validated by Burns et al. 6 and Simon et al., 23 and they are grouped into larger overarching categories, such as neuromuscular malformation, cardiovascular malformation, respiratory issues, renal issues, gastrointestinal issues, hematological or immunology issues, metabolic disorders, other congenital or genetic defects, and malignancies. 5 Full CCC tables with accompanying descriptions have been provided by Burns et al. 6 Variables of interest included the time from admission to the shunt procedure and hospital admission day (weekend vs weekday). The KID and the NIS encoded the time to procedure as a variable (number of days) that was subsequently recoded as a categorical variable (same day, 1 day to the procedure, 2 or more days to the procedure) for our analysis. Admissions on a Saturday or Sunday were considered weekend admissions, and those on Monday through Friday were considered weekday admissions. It was not possible to distinguish weekday from weeknight admissions.
Outcomes of interest were inpatient death and routine discharge. Within the KID and the NIS, inpatient death and routine discharge are encoded as patient disposition and are subsequently recoded as dichotomous variables. Routine discharge is defined by the HCUP as standard discharge to home or self-care. 7, 24 In the pediatric population, routine discharge refers primarily to discharge to home with family capable of providing for the child's specific needs.
statistical analysis
Univariate demographic analysis was conducted by us-ing survey-adjusted methods for all patient (race, payer status, sex, age), hospital (type, bed size, region, teaching status, location, annual procedure volume), and admission severity (CCC, admission source, admission type) factors. Survey-adjusted methods refer to biostatistical adjustments for determining national estimates using variance estimation methods designed for survey data. The main predictors of interest in our analyses were day of admission (weekend or weekday) and time to procedure after admission (same day, 1 calendar day after admission, or 2 or more calendar days after admission). Primary analyses included two multivariate Poisson regression models fitted to examine the association (rate ratio [RR]) between weekend admission and time to procedure after admission, with adjustment for patient/hospital/ admission factors and the two outcomes of interest after adjusting for patient (race, payer status, sex, age), hospital (type, bed size, region, teaching status, location, annual procedure volume), and admission severity (CCC, source, type) factors. Secondary analyses were performed with the same outcomes. In one set of secondary analyses, we adjusted for ventriculostomy placement during the inpatient stay, tumor location and pathology, intraventricular hemorrhage, and prematurity, in addition to the patient, hospital, and severity factors noted in the primary analyses. In additional secondary analyses, we restricted the population to only patients with a noncomplex condition, and another set of secondary analyses were restricted to only the population of those who underwent shunt revision (defined by the ICD-9-CM code).
All statistical analyses were performed using SAS 9.4, and a p value of < 0.05 was predetermined to be statistically significant.
results demographics
From 2000 to 2010, there were a total of 99,472 pediatric shunt procedures performed, for which time-to-procedure data were available for 80,572 patients. Of these procedures, 1041 (1%) resulted in inpatient death, and 85,915 (86%) resulted in a routine discharge. Regarding the time to procedure, 36,172 (36%) were performed on the same day, 15,328 (15%) were done within 1 day of admission, and 29,073 (29%) were performed within 2 or more days after admission. Of the 99,472 in the sample, 18,899 (19%) were missing a time-to-procedure value. Of the same-day procedures, a majority (34,110 [94%]) resulted in routine discharge (Table 1) . Furthermore, the median time to procedure in our data set was 1 day after admission (IQR 0-4 days). The majority of patients (84%) were admitted on a weekday, were white (43%), had private insurance (47%), and were male (56%). The majority of procedures were performed in hospitals that had designated teaching status (91%), whereas they were performed in a children's hospital in 15% of the admissions. Thirty-nine percent of the admissions were from a routine source, and 38% of the admissions were emergent (Table 2 ). Among the institutional subset for which children's hospital status was available, 58% of high-volume institutions (> 90th percentile) were children's hospitals, whereas 40% were children's units of general hospitals.
inpatient death
After adjusting for patient (race, payer status, sex, age), hospital (type, bed size, region, teaching status, location, annual procedure volume), and admission severity (CCC, source, type) factors, we examined the inpatient mortality rates after pediatric shunt procedures using day of admission and time to procedure as the main predictors of interest (Table 3) . Weekend admissions (versus weekday admissions) were not statistically significantly associated with inpatient mortality rates (p = 0.46). Procedures within 1 day of admission were not significantly different, either (p = 0.82), but procedures 2 or more days after admission resulted in an inpatient mortality rate (RR 2.17 [95% CI 1.59-2.97]; p < 0.01) more than double that of procedures performed on the same day of admission ( (Table 3) . A time to shunting of ≥ 2 days remained significantly associated with death in the population of those who underwent revision shunt surgery only (p < 0.01), whereas weekend admission continued to show no significant association with death (p > 0.05), as was also seen in the noncomplex shunt cases.
routine discharge
Finally, we analyzed the rates of routine discharge in this patient population (Table 4) . Weekend admissions were not statistically different in predicting the likelihood of routine discharge compared with that of weekday admissions (RR 1.00 [95% CI 0.97-1.03]; p = 0.98). However, time to procedure was a significant predictor of the likelihood of having a routine discharge. There was a 15% decreased rate of routine discharge for procedures performed 2 or more days after admission compared with procedures performed within the same day of admission (RR 0.85 [95% CI 0.82-0.87]; p < 0.01) ( Table 4) . Evaluation of the revision-alone cohort revealed no association between weekend admission and routine discharge (p = 0.47), whereas time to shunting of ≥ 2 days remained significantly associated with a decreased likelihood of routine discharge (RR 0.87 [95% CI 0.83-0.90]; p < 0.01).
It should be noted that we also adjusted our models in separate analyses for covariates of ventriculostomy placement, prematurity, tumor pathology, and intraventricular time-to-procedure effect on pediatric shunt outcomes hemorrhage or with treatment volume as a continuous variable. After adjustment, a time to shunting of ≥ 2 days remained significant for increased mortality rates and decreased rates of routine discharge, whereas weekend admission persisted in showing no significant association with these outcomes. In addition, when subsetted for noncomplex cases only, these associations still held true.
discussion
Using the 2000-2010 NIS and KID databases, we evaluated the effect of weekend admission on the outcome of 99,472 pediatric patients who needed operative ventricular CSF diversion, 16% of whom were admitted on a weekend. Common and reliable measures of outcome, previously used in previous studies that evaluated both populations with a shunt and negative effects of weekend admission, are death and routine discharge (as a marker of morbidity) rates (Table 1) . Contrary to what has been reported from several studies, we found no adverse effect of weekend admission on mortality or routine discharge rates when we included time to shunting in our multivariate analysis.
These results run counter to those of several previous studies that cited a weekend effect with poorer outcomes in patients admitted on a weekend. 3, 4, 9, 14, 19 Recent publications included pediatric patients who underwent CSF shunt surgery among those who have experienced the weekend effect, with adverse outcomes seen in same-day weekend shunt revisions. 15 Authors have noted a risk of death, blood transfusion, and procedural complications for urgent weekend surgical admissions higher than that in patients who had urgent surgery during the week. 15 However, these previous studies did not consistently incorporate multivariate analysis to specifically include time to procedure to account for outcomes observed after weekend admission. Studies that evaluated the weekend effect often focused on the question of increased disease severity and case complexity among weekend admissions. Bell and Redelmeier 3 noted that their results could not account for the admission of sicker patients over the weekend, which could explain an increase in adverse events. Another group demonstrated that sicker patients come in over the weekend, thereby explaining increased mortality rates and adverse events. 19 We attempted to adjust for disease severity by incorpo- 18 despite noting an increased mortality rate in their pediatric intensive care population over the weekends, noted that this phenomenon resolved in multivariate analysis that accounted for the differences in types and severity of weekend admissions.
In multivariate analysis, after adjustment for admission source, urgency, and severity, time to shunting remained significantly associated with increases in mortality and nonroutine discharge rates in both the overall cohort and the revision-shunt cohort. The concept that adverse outcomes follow delays in treatment is not entirely novel.
Results of a Danish study on death after hip fracture suggested that in-hospital death was associated with surgical delay rather than weekend or holiday admission. 10 Increases in length of intensive care unit stays have been noted to correlate with a higher incidence of infection. 27 In the neurosurgical literature, traumatic neurosurgical injuries of the spine have been associated with improved outcomes after early decompression. 12 The goals of urgent neurological surgery have historically revolved around the prevention of secondary injury caused by delayed ischemia and direct compression of the brain and spinal cord. When evaluating extended timelines of surgical intervention, the authors of studies on long-term hydrocephalus suggested that earlier intervention in cases of congenital hydrocephalus result in greater postoperative increases in cortical mantle thickness and improved neuropsychological development on testing. 26 However, no definitive conclusions can be made about time to shunting. Patients with an extended waiting time before surgery often have complex comorbidities and underlying pathologies that necessitate long-term stabilization and workup. Given the significant time to shunting noted in the long cohort (> 2 days to shunting), it is likely that these patients with a more complex condition have significant medical/surgical issues that have greater effects than those encoded by our CCC adjustment in multivariate analysis. These issues may include being transferred from another hospital, being newborns, or being classified as having an emergent/urgent condition that needs to be attended to before operative intervention for shunt insertion/revision, which results in a significant increase in the time to surgery. The CCC variable was particularly appropriate for adjusting for these comorbidities, and using it helped to identify a population of children comprising 10% of admissions but accounting for 23%-26% of inpatient hospital days and 42%-43% of the deaths. 6, 23 It is this high-complexity group with CCCs (with a time to surgery of ≥ 2 days) that had a 2% mortality rate, whereas those who were of low complexity and underwent surgery on the same or the first day had a mortality rate well below 1%. The ≥ 2-day group also had a significantly decreased percentage of routine discharges and an average length of stay of 29 days, whereas the same and 1-day groups had average lengths of stay of 3 and 5 days, respectively.
Another finding was that institutions with a high shunting volume were associated with a significant increase in routine discharge (p = 0.01). This association between increased volume and improved outcome has been demonstrated in other fields. 11, 17 A study completed in 2002 systematically reviewed 20 years of research on the relationship between volume and outcome based on 135 population-based studies; 71% of all the studies of hospital volume reported a statistically significant association between higher volume and improved health outcomes.
Finally, the African American and Hispanic races were noted to be associated with a significantly increased risk of inpatient death after shunt placement. These results are similar to those noted in a previous study of pediatric patients with a shunt. 2 Although the previous analysis made use of only the KID cohorts in 2000, 2003, 2006 , and 2009 and did not adjust for the multiple factors we used in our analysis (presence of a CCC), the effect was noted again. Similar disparities have been noted after pediatric surgeries. 20, 25 Although the causes of these disparities are not clear, authors have postulated that outcomes may vary as a result of racial disparities in referral patterns and regional differences in access to health care. 13 Multiple limitations were present in this study, primarily from the use of large population-based administrative databases. NIS data are limited to events that occur during a single inpatient stay; therefore, data on shunt infections and malfunctions after discharge cannot be captured. 7 Although these outcomes are more commonly pursued in shunting studies, our focus on death and discharge disposition mirrored that of previous weekend-effect studies, which allowed comparison. Another limitation was that the data are input through ICD-9-CM codes by hospital staff members with a wide variation in level of both training and oversight. Potential for recording bias results in estimates of coding accuracy of approximately 80%. 5, 16 This bias may affect the coding of not only diagnoses but also of covariates and noted complications. Other variables of interest were unavailable for our analysis. For example, although the number of previous revisions has been suggested as a strong predictor of outcome, this variable was not available for analysis. The information provided in the databases about time to procedure was not a continuum; thus, surgery on a patient within 24 hours of being admitted just after midnight would count as same-day surgery, whereas surgery on the same patient 25 or ≥ 48 hours after admission would be counted in the 1-day or ≥ 2-day category, respectively. Also, it is important to note that it was not possible to account for weekday versus weeknight effects. Finally, it was also not possible to evaluate the specific day of surgery after different times to shunting. Nevertheless, the NIS and KID databases have provided useful large national cohorts for a range of studies. Furthermore, the extensive volume of patients available has enabled careful control in multivariate analysis for common confounding factors, including disease severity and hospital demographics.
conclusions
Multiple studies have popularized the weekend effect and suggested poorer outcomes among patients admitted on a weekend. Our data indicate that weekend admissions for ventricular CSF diversion were not associated with poorer outcomes when time to shunting was included in multivariate analysis. Furthermore, high-volume centers are associated with decreases in mortality rates and increased rates of routine discharge in this cohort.
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